Escherichia coli (E. coli) is one of the most commonly adopted indicators for the determination of the microbiological quality in water and treated wastewater. Two main types of methods are used for the enumeration of this faecal indicator: membrane filtration (MF) and enzyme substrate tests. 
INTRODUCTION
Environmental and human health protection requires the treatment of municipal wastewater, aimed to limit the diffusion of potentially hazardous chemical and microbiological contaminants. In particular, the presence of pathogenic organisms of faecal origin has to be limited and adapted to the final destination of the reclaimed efflu- The main objective of this paper is to assess the suitability of two methods based on the β-D-glucuronidase activity, the Colilert ® -18 test and MF with TBX agar, for quantifying E. coli in wastewater samples, evaluating their applicability without any further confirmation. Samples of raw and treated wastewater, over a range of E. coli concentrations of more than six orders of magnitude, were analysed for the target faecal indicator through these two methods. In order to assess their robustness, three confirmation tests (cytochrome oxidase, lactose fermentation, and indole production) were used to estimate the percentages of false positives and false negatives. Moreover, this paper aims to evaluate the E. coli detection capability of the two methods.
For this purpose, the two series of E. coli counts obtained through the Colilert ® -18 test and MF with TBX agar were statistically compared.
MATERIALS AND METHODS
Wastewater samples Therefore the result of this analysis is expressed as MPN per 100 mL. The maximum concentration of E. coli in the analysed sample that can be counted through this method is 2420/100 mL.
Confirmation tests
For part (12%) of the wastewater samples analysed, all presumptive E. coli-positive colonies and wells and some presumptive E. coli-negative colonies and wells were sub- The colonies and wells that resulted as oxidase negative, lactose positive, and indole positive were considered as E.
coli positive. When one of these conditions was not satisfied by a presumptive E. coli-positive colony/well, this was considered as a false positive. On the other hand, a presumptive E. coli-negative colony/well that satisfied all conditions was considered as a false negative.
Statistical analysis
For each sample of wastewater, both the MF and the Colilert ® -18 methods were used for E. coli enumeration, obtaining two datasets (defined as TBX and Colilert ® -18 datasets) composed of 70 observations each. To evaluate whether the differences between the TBX and the Colilert ® -18 datasets were statistically significant, the paired t-test was used. This test requires two preliminary conditions: (i) normality of each dataset; (ii) homoscedasticity (variance homogeneity) between the two datasets. In order
RESULTS AND DISCUSSION

Incubation temperature for MF analysis
In cultivation methods, the incubation temperature plays an important role to achieve optimal conditions for the formation of colonies. In order to choose the incubation temperature to be used for the MF method, the following two options were compared: (i) 37 W C for 24 h; (ii) 37 W C for 4 h, then 44.5 W C for 20 h. Indeed, the incubation at 44.5 W C favours the growth of thermo-tolerant coliform bacteria (such as E. coli) with respect to non-tolerant bacteria, limiting possible competitive effects, but at the same time it does not allow for the full recovery of injured bacteria, which is enhanced at temperatures close to that of the human body. For these reasons, some standards suggest incubation at 35-37 W C for a short period, followed by incubation at 44.5 W C for 20-24 h (ISO -:). Results of the preliminary analyses indicated that, in 8 cases over a total of 10, the E. coli detection capability was higher after incubation at 37 W C for 24 h. On average, this option allowed the recovery of 19% more presumptive E. coli. This result can be associated with both the characteristics of the samples and the type of agar used. Wastewater samples analysed in this study underwent processes such as pumping, filtration, and disinfection, that increased the probability of injuries on E. coli bacteria. On the other hand, the specificity of the TBX agar for E. coli cultivation reasonably minimized the competition with other bacteria which, on the contrary, can be relevant with other substrates used for MF methods.
Confirmation tests
Results of the confirmation tests are reported in Table 1 .
False positive rates were around 11% (11/97) and 4% a Number of presumptive E. coli-positive colonies/wells for which at least one confirmation test was not satisfied.
b Number of presumptive E. coli-negative colonies/wells for which all confirmation tests were satisfied. some cases, both methods tested in this study may either overestimate or underestimate the E. coli content.
As regards the type of confirmation tests, looking at the data reported in Table 1 it is clear that the indole test was the only one suitable for the discrimination of E. coli-positive from E. coli-negative colonies/wells. The lactose fermentation was somehow useful to identify non-coliform bacteria.
Indeed, 84% of presumptive coliform-positive wells (yellow non-fluorescent) had a positive reaction for lactose fermentation, whereas this percentage was much lower (27%) for presumptive coliform-negative wells (white). The oxidase test gave negative reactions for all the colonies/wells analysed, even when applied to presumptive coliform-negative wells. Therefore, the use of the oxidase test for the confirmation of presumptive E. coli in wastewater samples is recommended only in conjunction with other confirmatory tests.
Uncertain identifications
Besides the possible errors that can be made due to false Indeed, the colonies observed on the plate were characterized by different colours and some of them also had undefined borders, so that it was difficult to distinguish blue-green colonies from the others (green-brown, green).
In the three cases represented in Figure 1 In order to apply statistical techniques to compare the two enumeration methods, data were firstly log-transformed.
Indeed, the original datasets had values that cover more than six orders of magnitude and, for this reason, their distributions were not normal and their variances were not homogeneous.
The paired t-test result validated, with a high degree of confidence (p-value ¼ 9.4 × 10 À10 ), the hypothesis of significant difference between the average values of the two logtransformed datasets. Therefore it can be stated that the values of E. coli concentration estimated by the MF and the Colilert ® -18 methods were different on average.
Once this was verified, the existence of a possible functional relationship between the two counting methods was 
